Polymeric micelles are widely used as suitable nano-carriers for a variety of therapeutic applications.
Introduction
Polymeric micelles, with a great difference in hydrophilic properties between the hydrophilic and the hydrophobic groups, are widely used as suitable nano-carriers for a variety of therapeutic applications.
1 It has been reported that the distribution of micelles in the body may be determined mainly by their size and surface properties 2 and the physicochemical and biological properties of the micelles are mainly determined by the functionalization of the outer surface. Based on this, a number of passive and active targeting polymeric micelles have been developed. However, the anti-tumour effect in the clinic is not signi-cant. As an essential component of an amphiphilic copolymer, the physical and chemical properties of hydrophobic groups can inuence the association behaviour of micelles in solution and their affinity for interfaces.
3 Therefore, we hypothesize that the hydrophobic groups have an effect on the pharmacokinetic and physicochemical properties of the micelles. It is time to take hydrophobic groups into account for developing better antitumour drug delivery systems. Studies have shown that hydrophobic groups can increase the solubility of hydrophobic drugs and the stability of the micelles. 4, 5 It also has been reported that the hydrophobic groups can affected the rheological properties of the carrier 6 and the antibacterial activity. 7 Even more the length of hydrophobic groups displayed the decisive effect on the gelation behaviour. 8 However, researchers have not systematically and holistically studied the inuence of hydrophobic groups on the properties of the amphiphilic carrier and micelles yet. In order to ll this gap, our study focuses primarily on the role of the different hydrophobic groups on the anti-tumour effects and on the properties of the amphiphilic carrier and micelles.
CD44 is a widely distributed cell surface type I transmembrane glycoprotein, the over-expression of which is connected to the motility, survival and proliferation of the tumour cell and the formation of the tumour microenvironment. Studies have shown that tumour cells oen express a number of CD44 variants, particularly when the cancer is in an advanced stage.
9 CD44, especially CD44v isoforms, have been identied as CSC surface markers in different types of cancers, 10 making CD44 a potential target of tumour therapy. The N-terminal part of CD44 enables binding to hyaluronic acid (HA), 11 a kind of acid mucopolysaccharide composing of repeated disaccharide units of D-glucuronic acid and N-acetyl glucosamine.
12 HA, with functional groups of carboxylic acid and hydroxyl moieties can be chemically modied by crosslinking or conjugation reactions. 13 In addition, HA is an important component of the extracellular matrix and HA modied polymer is a biodegradable, biocompatible, nontoxic and non-immunogenic. There have been emerged more and more nanoplatforms mainly with hyaluronic acid and other hydrophobic groups, such as octenyl succinic anhydride (OSA), 14 deoxycholic acid (DOCA), 15 and octadecylamine. 16 Cholesterol is a vital component of cell membranes accounting for over 20% of the plasma membrane lipids and, due to its biocompatibility and biodegradability, cholesterol is oen used in studies of drug delivery systems involving nanoparticles. 17, 18 Modication with cholesterol results in signicant improvement of the cellular uptake of polymers for drug delivery applications. 19 Octadecanoic acid (OA) is a hydrophobic saturated fatty acid which has been used as a safe biodegradable dietary additive. OA can be graed to the hydrophilic group because of its good biosafety and suitable molecular weight. 20, 21 Although cholesterol and OA are widely used in the application of nano-platforms, few studies have involved a comparative investigation of the amphiphilic copolymers composed of octadecanoic acid or cholesterol and HA and, so far, few studies have examined whether hydrophobic groups affect the properties of the amphiphilic carrier and anti-tumour effect of micelles.
Here, our goal was to synthesize two kinds of amphiphilic carriers with the same hydrophilic group and different hydrophobic groups to explore whether the different hydrophobic groups have effects on the nature of the amphiphilic carrier and micelles and even the anti-tumour effect of micelles.
Experimental section

Materials
HA with an average molecular weight of 44 kDa was provided by Shandong Freda Biopharm Co., Ltd. (Shandong, China).
Triethylamine, octadecanoic acid (OA, 99%), succinic anhydride (SA, 99%) was obtained from YUWAN GROUP (Shandong, China 
Synthesis of copolymers
Synthesis of succinic anhydride (SA)-modied HA (HA-SA). HA-SA was synthesized as described in the literature.
14 HA (0.509 g) was dissolved in 40 mL formamide containing 4-dimethylaminopyridine (DMAP) (0.090 g, 0.5 mmol) and triethylamine (4.5 mL). Then, succinic anhydride (0.506 g, 0.5 mmol) in 10 mL formamide was dropwise added into HA solution and stirred for one and a half days, dialyzed against an excess of water in semipermeable tubes (MWCO 8-14 kDa) for three days. The nal product was lyophilized. The product, HA-SA, was nally obtained aer lyophilization as a white solid (0.76 g, yield: 72.4%).
Synthesis of octadecanoic acid (OA)-modied HA-SA (HA-SA-CYS-OA)
Synthesis of HA-SA-CYS. HA-SA-CYS was obtained by coupling cystamine (CYS) to HA-SA by formation of an amide. [22] [23] [24] In detail, HA-SA (0.4 g) was dissolved in 100 mL PBS (pH 7.4) with EDCl (0.232 g, 0.12 mmol), NHS (0.13 g, 0.12 mmol) and the mixture was stirred at 25 C for 30 min. Then CYS (2.25 g, 10 mmol) was added and, aer 5 h, the crude product was dialyzed against water in semipermeable tubes (MWCO 8-14 kDa) for three days to obtain the HA-SA-CYS followed by lyophilization (0.19 g, yield: 74.7%).
Synthesis of HA-SA-CYS-OA. HA-SA-CYS-OA was obtained by conjugating the primary amines of HA-SA-CYS to the free carboxyl groups of OA. 23, 25 Firstly, OA (0.36 g, 1.25 mmol) was dissolved in 10 mL DMSO with PyBOP (0.78 g, 1.5 mmol). Then, 100 mL DMSO/FM (4 : 1, v/v) containing 0.6 g HA-SA-CYS was dropwise to OA solution for reaction for two days, and then the resulting solution was dialyzed against an excess of water for 3 days, and lyophilized, stored at À20 C (0.49 g, yield: 51%). The whole process is shown in Scheme 1A.
Synthesis of cholesterol (CHOL)-modied HA-SA (HA-SA-CYS-CHOL)
Synthesis of the CHOL-CYS. 26 The CHOL-CYS was synthesized as previously described by the acylation of one of the amine groups of cystamine dihydrochloride. Cystamine dihydrochloride (0.113 g, 0.5 mmol) was dissolved in a mixture of 5 mL 3.5 M NaOH and 4 mL chloroform. This solution was heated to 50 C, and 10 mL chloroform containing cholesteryl chloroformate (0.225 g, 0.5 mol) was added dropwise while stirring. Aer 2 h, the aqueous phase was discarded. The remaining organic phase was extracted three times with distilled water, saturated NH 4 Cl and saturated NaCl, respectively. The organic layer was evaporated to dryness, by vacuum drying (0. Characterization of copolymers 1 H nuclear magnetic resonance spectroscopy (NMR). The chemical structures of the copolymers were conrmed by 1 H NMR spectra using a 400 MHz NMR spectrometer (Bruker, Switzerland). D 2 O or CDCl 3 was used as the nuclear magnetism reagent. The degree of substitution (DS) which is dened as the number of cholesterol or octadecanoic acid molecules per 100 sugar residues of HA was also determined using 1 H NMR. 
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Gel permeation chromatography (GPC). The MWs and the MWDs of HA-SA-CYS-CHOL and HA-SA-CYS-OA copolymer were examined by gel permeation chromatography (GPC) using a single TSKgel GMPWXL gel column (TSK, Japan). Deionized water containing 0.1 N NaN 3 and 0.06% NaN 3 was the mobile phase and was pumped with a Shimadzu LC20 pump at a ow rate of 0.6 mL min
À1
. A Shimadzu RID-20 differential refractometer was used to measure the refractive index signal. The calibration curve was based on narrow M w linear poly(ethylene oxide).
Measurement of critical micellar concentration (CMC). Pyrene was used as a uorescence probe to conrm the micelle forming ability of HA-SA-CYS-CHOL and HA-SA-CYS-OA conjugates. 16, 30 In detail, pyrene (1.238 mg) was dissolved in 100 mL acetone, added to 100 mL volumetric asks and dried. Different concentrations of HA-SA-CYS-CHOL and HA-SA-CYS-OA were added to the volumetric asks. The nal concentration of pyrene was 6.0 Â 10 À7 M. The volumetric asks were sonicated for 30 min in a water bath and then kept 40 C for 12 h. The uorescence spectrum of each solution was recorded on a BioRed microplate reader (Model500, USA). The intensity ratio of the rst peak (I 1 , 373 nm) to the third peak (I 3 , 384 nm) was used for the calculation of CMC. Preparation and characterization of DTX-loaded micelles. A modied emulsication solvent evaporation method was used to prepare the DTX-loaded HA-SA-CYS-CHOL and HA-SA-CYS-OA micelles.
22,31 Briey, 10 mg HA-SA-CYS-CHOL or HA-SA-CYS-OA copolymer was dispersed in 5 mL distilled water. Then, 0.25 mg DTX in 0.5 mL ethanol was added followed by sonication at 300 W for 10 min in an ice bath with a probe-type ultrasonicator (SJIA-950W; Ningbo Yin Zhou Sjia Lab Equipment Co., Ltd, Ningbo, China). Then stirred for 12 h at 25 C, centrifuged at 3000 rpm for 15 min, passed through 0.45 mm pore size lter membrane, and the ltrate was stored at 4 C until required. The blue lipophilic uorescent dye DiR and green lipophilic uores-cent dye Cou6 were chosen to be the uorescent probe and prepared by the same procedure like DTX. The shape and morphology of the nanoparticles prepared using HA-SA-CYS-CHOL or HA-SA-CYS-OA copolymer were examined by transmission electron microscopy (TEM) (JEM-1200EX (120 kV), JEOL, Japan) aer negative staining.
The average particle size (diameter, nm), polydispersity index (PDI) and zeta potential of the HA-SA-CYS-CHOL and HA-SA-CYS-OA micelles were measured by dynamic light scattering (DLS) using a Zetasizer Nano ZS90 instrument (Malvern, UK) with a scattering angle of 90 at 25 C.
DSC was used to measure the physical or chemical changes of micelles with the change of temperature.
The changes in crystalline state of drug was analysed by Powder X-ray diffraction analysis (PXRD) used a D8 ADVANCE powder diffraction meter (Bruker, AXS, Germany) with a scanning angular scope of (2q) in scanning speed of 6 per minute.
The encapsulation efficiency (EE%) and drug loading (DL%) was determined by HPLC. Briey, 0.1 mL samples of micelles were disrupted with 9.9 mL acetonitrile followed by sonication disruption for 10 min and centrifugation for 10 min at 10 000 rpm. HPLC conditions were as follows: a Neptune C18 (Neptune C18 5u, Nu-Analytical, CA, USA) was used at a ow rate of 1 mL min À1 and absorption wavelengths of 227, with a UV/ VIS detector. The mobile phase used for docetaxel was acetonitrile/water (3 : 2 volume ratio). [31] [32] [33] The EE and DL were calculated using the following formulas:
EE (%) ¼ (amount of drug in NPs)/(amount of the feeding drug)
Â 100
In vitro drug release assay. The in vitro drug release of DTXloaded micelles and Taxotere® was experimented in phosphate buffered saline (PBS) of pH 7.4. 34 In brief, 1 mL of each of the different micelles dispersions was sealed in a dialysis bag (MWCO: 8-14 kDa) and immersed into 50 mL PBS containing 0.25% Tween80. 35 The released solution was kept at 37 C with shaking (100 rpm). At pre-determined times; 1 mL release medium was withdrawn and replaced with an equivalent volume of fresh medium. The withdrawn medium was centrifuged at 10 000 rpm for 5 min and assayed by HPLC.
In vitro cell study
In vitro cytotoxicity. The cytotoxicity of blank, DTX-loaded HA-SA-CYS-CHOL, HA-SA-CYS-OA micelles and Taxotere® against MCF-7, A549 and S-180 cells was evaluated using a standard MTT assay. 33, 36 In detail, cells were seeded at a density of 1 Â 10 4 cells per well in 96-well plates and incubated for 24 h to allow cell attachment (for S-180 cells, the drug was added directly to the 96-well plates). Taxotere®, blank micelles and DTX-loaded micelles in a concentration gradient were treated with these cells at 37 C. Aer 24 h incubation, the cells were centrifuged, the medium were discarded and replaced with 100 mL fresh medium, 10 mL MTT (5 mg mL À1 ) was added and then the solutions were further incubated in a CO 2 incubator for 4 h. The generated formazan was solubilized with 100 mL 10% SDS, 0.01 M HCl solution. The plates were kept in dark for 12 h for dissolution of the formed formazan crystals. The absorbance at 570 nm was recorded using a BioRed microplate reader (MK3, Thermo, Massachusetts, USA). Each drug concentration measurement was the mean value of eight wells. The relative cell viability (%) was calculated using the following equation:
where A control and A sample are the absorbance in the absence and in the presence of sample treatment, respectively. A blank is the absorbance of the medium. Also, the growth inhibition concentration for 50% of the cell population (IC 50 ) was calculated using Compusyn1.0 soware (http://www.combosyn.com/ ). [37] [38] [39] [40] All measurements were performed in triplicate.
In vitro cellular uptake. To evaluate the intracellular uptake ability of micelles in MCF-7, A549 and S-180 cells, a uorescence probe Cou6 (3 mg mL À1 ) was encapsulated in HA-SA-CYS-CHOL and HA-SA-CYS-OA micelles. 37,41 MCF-7, A549 and S-180 cells were seeded in 24-well plates at a density of 1 Â 10 5 cells
per well. Aer 24 h, the cells were centrifuged, the culture medium was discarded and the cells were incubated with Cou6-loaded micelles for 2 h to examine the cellular uptake. Aer incubation, the medium was again centrifuged, discarded and the cells were washed with PBS three times. Then, 100 mL RIPA cell lysate was added to each well to lyse the cells, and 25 mL lysate was used to assay the protein content with a Pierce® BCA Protein Assay Kit (Thermo Scientic, USA). The residue was mixed with 100 mL ethanol to extract the Cou6 internalized in the cells and the Cou6 concentration was calculated aer ELISA (Model ER-8000, Sanko Junyaku Tokyo, Japan). Confocal laser scanning microscopy (CLSM) was used to qualitatively examine the intracellular uptake of Cou6 loaded NPs. MCF-7, A549 and S-180 cells were cultured on 6-well plates at a density of 2 Â 10 5 per well for 24 h (for S-180 cells, poly-L-lysine cover slips were added for adhesion). The medium was then replaced with Cou6-loaded micelles (3 mg mL
À1
). Aer incubating at 37 C for 2 h, the culture medium was removed and the cells were rinsed with PBS three times and xed with a 4% paraformaldehyde solution. For nuclear staining, the cells were incubated with 4,6-diamino-2-phenylindole (DAPI) for 5 min at room temperature, followed by washing with PBS (pH 7.4) three times. The intracellular localization of the nanoparticles was observed using a CLSM instrument (LSM 710, Carl Zeiss, Zeiss Germany). The cellular uptake mechanism was investigated a competitive inhibition study using free HA (10 mg mL À1 ). In vivo study. Male kunming SPF mice (4-6 weeks old, body wt 20 AE 2 g) were kindly provided by the Experimental Animal Centre of Shenyang Pharmaceutical University. The animals were allowed free access to food and water and allowed to acclimatize for at least 7 days before the experiments. The in vivo animal experiments were conducted under the guidelines approved by the Animal Care Committee at Shenyang Pharmaceutical University and followed the principles of Laboratory Animal Care (People's Republic of China). The tumour xenogra mouse model was established by injecting 1 Â 10 6 S-180 cells in 200 mL physiological saline into the armpit region of the kunming mice.
In 
Statistical analysis. All data were expressed as mean AE S.D. Student's two sample t-test and one-way ANOVA for multiple groups were used for statistical evaluation. P < 0.05 was considered statistically signicant.
Results and discussion
Synthesis and characterization of HA-modied copolymers CYS-OA conjugates. The DS of HA-SA-CYS-CHOL and HA-SA-CYS-OA was 22.5%, and 18% respectively.
FTIR spectra further supported the formation of HA-SA-CYS-CHOL (OA). As shown Fig. 1B , in the spectra of HA-SA-CYS-OA, a new band at 1731 cm À1 was assigned to the carbonyl stretching vibration and the peak at 2918 cm À1 , 2850 cm À1 were due to the symmetrical and asymmetrical stretching vibration of the -CH 2 -group. Aer hydrophobic groups conjugated to the HA, the band at 1152 cm À1 , 1736 cm À1 and 2930 cm À1 , appeared in the spectra of HA-SA-CYS-CHOL, were attributed to the -C]C-H, the carbonyl and the -CH 2 -asymmetrical stretching vibration. DSC was used to measure the physical or chemical changes of copolymer with the change of temperature. 30 As shown in Fig. 1C , neither endothermic peak nor exothermic peak could be detected for HA, indicating that HA could maintain the stability of the structure in the experimental temperature. CHOL and OA respectively showed a sharpened endothermic peak at about 120 C and 58 C, illustrating that the two substances are melted at that temperature. When we used chemical methods to link CHOL or OA to HA, we found that the corresponding HA-SA-CYS-CHOL (OA) polymer had no endothermic and exothermic peaks at the experimental temperature, which indicating that the amphiphilic obtained from chemical linking has a good thermal stability in the experimental temperature. A typical GPC chromatogram is shown in Fig. S5 . † As can be seen in Table 1 , the M n of the HA-SA-CYS-CHOL copolymer was 30 086 g mol À1 , the M w /M n was 1.70, indicating HA-SA-CYS-CHOL have broad PDIs. The M n of the HA-SA-CYS-OA copolymer was 23 024 g mol À1 , the M w /M n was 1.07, indicating a successful living polymerisation.
42,43
Measurement of critical micellar concentration (CMC)
The CMC can affect the ability of self-assembly of the amphiphilic copolymer and the structural stability of micelles in vitro and in vivo. 44 The CMC values of HA-SA-CYS-CHOL and HA-SA-CYS-OA copolymers were 0.0079 mg mL À1 , and 0.0178 mg mL À1 , respectively. This low CMC value revealed that the micelles structure can be stable even under extreme dilution, which means that the micelles can be stability in the bloodstream aer intravenous administration. Moreover, the HA-SA-CYS-CHOL copolymer had a lower CMC than the HA-SA-CYS-OA copolymer. This may be because cholesterol is more hydrophobic than octadecanoic acid. The greater hydrophobicity drew the formed micelles more compact, and the stronger hydrophobic forces resulted in a lower CMC. Also, more cholesterol was linked to the HA and the CMC of the copolymers reduced as the DS increased. Different hydrophobic groups led to the different DS and CMC values aer reacting with HA in the same molar ratio. Although the difference in DS between the two copolymers was not great (P > 0.01), the difference in CMC values was highly signicant (P < 0.001). This proved our hypothesis that the hydrophobic groups affected the nature of the amphiphilic copolymers due to the nature of the hydrophobic groups in itself, such as hydrophobic force and hydrogen bond. Therefore, we further assumed that the hydrophobic groups will affect the properties of the micelles in vitro and in vivo.
Preparation and characterization of DTX-loaded micelles
For polymeric micelles, the particle size has an important role in the in vivo performance and pharmacokinetics. It has been known that tumour blood vessels are more leaky than normal vessels, and polymeric micelles can leak into the tumour in the range of 200 nm to 1.2 mm. 45, 46 As shown in Table 1 , the effective diameters of HA-SA-CYS-CHOL and HA-SA-CYS-OA micelles were 172 nm, and 289.3 nm, with a polydispersity index (PDI) of 0.123, and 0.148, respectively (Fig. S1-S4 †) . HA-SA-CYS-CHOL micelle had a smaller particle size than HA-SA-CYS-OA. From CMC experiments, we know that compared with HA-SA-CYS-OA, more cholesterol is linked to the HA and cholesterol is more hydrophobic than octadecanoic acid leading HA-SA-CYS-CHOL amphiphilic copolymer with the lower CMC. The particle size decreased with the decrease in the CMC of HA-SA-CYS-CHOL, probably due to the stronger hydrophobic interaction force between DTX and cholesterol core region lead to stronger binding affinity and more compact micellar core packing.
16
The particle size indicated that the polymeric micelles could traverse tumour vascellum into the tumour stroma and is uptake by the tumour cells but be blocked by normal vessels because of the quite compact endothelial cells. 47 In addition, both types of micelles had a relatively high negative zeta potentials of around À33 mV owing to the presence of the ionized carboxyl groups on the HA backbone. The high negatively charged micelles promised an excellent stability in vitro and in vivo owing to the mutually repel, preventing aggregation or precipitation of particles.
As shown in Fig. 2 , TEM was performed to visualize directly the size and morphology of DTX-loaded micelles. The spherical shape of the two micelles strongly conrmed a core-shell Table 1 The physicochemical characterization of DTX-loaded self-assembled micelles (mean AE SD, n ¼ 3) structure with a mean diameter of 50-100 nm in dehydrated conditions. The size measured by TEM in ultrahigh vacuum conditions was much lower than that measured by DLS in aqueous solution (172, 289.3 nm) which may be due to shrinking of the hydrophilic HA side chain and dehydration of the polymeric main chain during the drying process involved in the preparation of TEM samples. 30 And DLS analyses the hydrodynamic radius of the dispersed micelles whereas TEM provides the projected surface area based on how much of the incident electrons were transmitted through the sample. So the size measured by TEM is usually smaller than DLS.
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The EE and DL values of DTX in HA-SA-CYS-CHOL and HA-SA-CYS-OA micelles are summarized in Table 1 . When DTX was loaded by these two amphiphilic carriers, much more DTX was encapsulated in HA-SA-CYS-CHOL micelles than HA-SA-CYS-OA. The difference between the two amphiphilic carriers was merely the hydrophobic group and HA-SA-CYS-CHOL had a lower CMC than HA-SA-CYS-OA. The DL capacity enhanced with the decrease in the CMC of HA-SA-CYS-CHOL in DTXloaded micelles. 16 These results could be explained by the fact that the lower the CMC in HA-SA-CYS-CHOL, the stronger hydrophobic interaction force between hydrophobic DTX and the hydrophobic micellar core region lead to the stronger binding affinity. Therefore, we speculate that HA-SA-CYS-CHOL has a strong ability to solubilize hydrophobic drugs and the dominant interaction force between the hydrophobic group and the drug is the hydrophobic interaction force. However, when Cou6 was loaded, the HA-SA-CYS-OA packaged more than twice as much Cou6 as HA-SA-CYS-CHOL in the same amount of the carriers (37.5% AE 3.23 vs. 7.5% AE 1.35), which was the opposite of DTX. Although the hydrophobicity of cholesterol is strong, but the drug encapsulated ability is weaker. Therefore, we speculate that, from the amphiphilic carriers point of view, except the hydrophobic forces, there are other interaction force between the drugs and hydrophobic groups leading to different drug encapsulation abilities, e.g., the spatial 3D conguration of the drug and the hydrophobic groups, the hydrogen bond and so on. It also proved that the amphiphilic copolymer is selective for hydrophobic drugs due to the properties of the hydrophobic groups.
As shown in Fig. 3A and C, free DTX exhibited a single sharp endothermic peak at 223.7 C, which was melting points of DTX. The blank micelles of HA-SA-CYS-CHOL and HA-SA-CYS-OA showed no endothermic peak. However, the physical mixture of blank HA-SA-CYS-CHOL micelles and DTX showed a weaker endothermic melting peak at 222.30 C and the physical mixture of blank HA-SA-CYS-OA micelles and DTX showed an endothermic melting peak at 223.51 C.
Nevertheless, the DSC curves of DTX-HA-SA-CYS-CHOL micelles and DTX-HA-SA-CYS-OA micelles demonstrated no melting peaks of DTX, suggesting the drug was entrapped into the micelles in amorphous state. As depicted in Fig. 3B and D These characteristic XRD peaks of DTX exist in the of physical mixture of blank HA-SA-CYS-CHOL micelles and DTX, blank HA-SA-CYS-OA micelles and DTX, but do not in those of DTX-HA-SA-CYS-CHOL micelles and DTX-HA-SA-CYS-OA micelles, suggesting that DTX was either molecularly dispersed in the polymers or distributed in the micelles in an amorphous state.
30,49
In vitro drug release assay Nano-delivery systems are able to control the release of the drug, which greatly reduces the toxicity of the drugs on healthy body tissues. 50 As shown in Fig. 4 , Taxotere® exhibited a 105.09% release of DTX aer 24 h, whereas only 56.88% of DTX was released from HA-SA-CYS-CHOL micelles, and 63.32% of DTX from HA-SA-CYS-OA micelles, showing micelles could markedly reduce the drug release in the circulatory system. In addition, compared with HA-SA-CYS-CHOL micelles, much more DTX was released from HA-SA-CYS-OA micelles. The difference between the two amphiphilic carriers was merely the hydrophobic group. The stronger the hydrophobicity of the hydrophobic group, the more strongly the interaction between the hydrophobic group and the drug. Cholesterol has a stronger interaction with DTX with its more hydrophobicity, and DTX can be more stable package in the HA-SA-CYS-CHOL micelles producing a lower drug release. Therefore, we concluded that the hydrophobic groups affected the release of micelles and we also hypothesize that hydrophobic groups will have an inuence on the in vivo properties of the micelles. 
In vitro cytotoxicity
As shown in Fig. 5A -C, blank micelles were slightly toxic to A549 and MCF-7 cells but had little cytotoxicity to S-180 cells. The cytotoxicity of blank micelles may be due to the higher molecular weight fractions of HA showed to inhibit cell cycle progression via a CD44/Rac/ERK pathway 51 and it was an advantage of using HA-SA-CYA-OA (CHOL) as a drug carrier showed some cytotoxicity. 52 As shown in Fig. 5D -F and Table 2 , DTX-loaded HA-SA-CYS-CHOL and HA-SA-CYS-OA micelles exhibited much higher cytotoxicity than Taxotere®. It was reported previously that MCF-7, A549 and S-180 cells were CD44 receptor over-expressing cell lines. [53] [54] [55] Compared with the passive diffusion of free DTX, the higher cytotoxicity of HA-SA-CYS-CHOL (OA) micelles might be attributed to the higher binding affinity of HA derivatives for CD44 receptors. In addition, HA-SA-CYS-OA micelle was signicantly greater toxicity to tumour cells than that of HA-SA-CYS-CHOL in all cell lines. Theoretically, the smaller particle size of micelles could increase the cellular uptake and deliver more DTX into cells, resulting in greater cytotoxicity. However, in our study, HA-SA-CYS-OA micelles had a greater cytotoxicity with larger particle size. This may be because the hydrophobic group of the two micelles had a greater impact on the cytotoxicity than the 
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Based on the above, we hypothesized that, compared with cholesterol; octadecanoic acid with a greater toxicity was more cytotoxic to A549, MCF-7 and S-180 cells, which is worth our further study on the mechanism of hydrophobic groups on the in vitro cytotoxicity.
In order to better and clear study the role of hydrophobic groups on antitumor effects, we selected S-180 cells for in vivo experiments because blank micelles were substantially noncytotoxic to the S-180 cell.
In vitro cellular uptake
As shown in CLSM (Fig. 6) , it was clear that the intracellular uorescence intensity of HA-SA-CYS-CHLO (OA) NPs in A549, MCF-7 and S-180 cells was signicantly higher than that of free Cou6, which might be due to the endocytosis mediated by CD44 receptors. In A549 and S-180 cells, the amount of cellular uptake of Cou6 in HA-SA-CYS-CHOL and HA-SA-CYS-OA micelles was 28.94-, 26.48-and 25.56-, 23.42-fold higher than that of free Cou6, respectively. However, the intracellular uptake of HA-SA-CYS-OA micelles was signicantly increased in MCF-7 cells, which was 4.53-fold greater than that of HA-SA-CYS-CHOL micelles.
As seen in Fig. 7 , pre-treating the CD44 + cancer cells (MCF-7, A549 and S-180 cells) with free HA signicantly reduced the internalization of HA-SA-CYS-CHOL (OA) NPs. Only a weak uorescence signal was observed, indicating that the free HA competitively bound to CD44 and inhibited the uptake of HA-SA-CYS-CHOL (OA) micelles. Combining the results of CLSM and quantitative analysis, we can conclude that the cellular uptakes of micelles are due to CD44 receptor-mediated endocytosis. And CD44-mediated endocytosis can effectively increase the uptake of NPs by tumour cells, which increasing the antitumour effect of the NPs.
In vivo bio-distribution and tumour targeting
As shown in Fig. 8A , in the experiments, most of the uores-cence was detected in the liver and spleen of DiR solution, indicating the DiR solution was rapid metabolized and excreted by hepatobiliary. Compared with DiR solution, HA-SA-CYS-CHOL (OA) micelles exhibited a much stronger uorescence signal in the tumour, which could be due to the HA located on the micelle surface increased the tumour uptake of micelles 7 Quantitative study of cellular uptake obtained from the experiments of cell uptake mechanism including the competitive inhibition study using HA solution (10 mg mL through CD44 receptor and the EPR effect. 58 A signicant uo-rescence signal could be detected as early as 1 h aer injection and peaked at 24 h of both micelles. In the all times, the HA-SA-CYS-CHOL micelles showed much more stronger and lasting accumulation in cancer cells compared with HA-SA-CYS-OA micelles. As shown in Fig. 8B , the excised tumours' uorescent image further conrmed the results observed in vivo. The HA-SA-CYS-CHOL micelles displayed higher uorescence signal in cancer cells than the HA-SA-CYS-OA micelles and free DiR. Compared with HA-SA-CYS-CHOL micelles, much more micelles accumulated in the liver, kidney and spleen for the HA-SA-CYS-OA micelles, especially in liver, which indicating the rapid metabolism and excretion of HA-SA-CYS-OA micelles in vivo. However, for the HA-SA-CYS-CHOL micelles, most of the micelles were distributed in the tumour tissue, and only a small proportion of the micelles were metabolized. The difference between the two amphiphilic carriers was merely the hydrophobic group. Compared with octadecanoic acid, hyaluronic acid and cholesterol are the necessary components of cytoplasmic matrix and cell membrane. Aer intravenous injection, endogenous substances prepared micelles can reduce the identication of immune system and reticuloendothelial system, minimized the metabolism and excretion of micelles, improved in the prolonged-circulation and tumour-targeting ability. For the fast-growing cancer cells, the micelles were like sugar-coated shells, tumour cells can uptake the micelles through CD44-mediated receptor endocytosis for the proliferation. However, octadecanoic acid, as an exogenous material, will be identied, metabolized and excreted out of the body even though the hydrophobic group was in the core of the micelles. Therefore, we concluded that the hydrophobic groups affected the distribution, metabolism, and excretion of micelles.
In vivo antitumor efficacy
The in vivo antitumor efficacy veried the in vivo biodistribution and tumour targeting study. Signicant decrease in tumour volume was detected in HA-SA-CYS-CHOL (OA) micelles compared with the control group aer the third administration (Fig. 9A) . HA-SA-CYS-CHOL (OA) micelles showed improved tumour suppression in comparison with Taxotere® aer the rst administration, attributed to EPR effects and CD44 targeted cell uptake. At the end of the test, HA-SA-CYS-CHOL micelles had the lowest average tumour weight and tumour volume (P < 0.05). In vitro cytotoxicity experiments conrmed that hydrophobic groups were no cytotoxic to S-180 cells. From in vivo bio-distribution and tumour targeting study we have known that hydrophobic groups affected the distribution, metabolism, and excretion of micelles. Ultimately, the hydrophobic group will affect the anti-tumour effect of the micelles. So we assumed that the micelles do not change the molecular mechanism and signal pathways of drugs, it just traffics a greater fraction of the administered drug directly to cancer cells. And the anti-tumour signal pathways of micelles is that, DTX inhibits G2/M progression through destabilization of the microtubule network, which is required for spindle formation during mitosis, and increases the degradation of HIF-1 a by DTX induced-JNK2/PHD1 signaling pathway.
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The TIR of the HA-SA-CYS-CHOL and HA-SA-CYS-OA group, respectively, was 87.72% and 78.02% of the saline group. The isolated tumour average weight and size of the micelles were the smallest among the saline and Taxotere®, further verifying that the DTX-loaded micelles had a superior in vivo therapeutic efficacy. More importantly, in this study, the administered dose was very low (2 mg kg À1 ) 20 but we also achieved a pronounced antitumor effect.
In order to study the safety of the preparations, we monitored the body weight changes of mice for 15 days (Fig. 9B ) and the net body weight variations on the sixteenth day were evaluated (Fig. 9C) . Animals in the micelle groups, saline or Taxotere® groups did not show any weight loss during the entire study which reected the reduced systemic toxicity of the given formulation. 
Conclusion
In this study, we successfully synthesized two kinds of amphiphilic copolymers with the same hydrophilic group to explore whether the different hydrophobic groups have an impact on the nature of the amphiphilic carriers and the micelles. From the experiments, we found that the different properties of hydrophobic groups of the amphiphilic carrier can affect the stability and drug-loading capacity of the amphiphilic carrier and the micelles. Compared with HA-SA-CYS-OA, HA-SA-CYS-CHOL had a lower CMC contributing to the micelles having a smaller particle size and much higher encapsulation efficiency (EE) and drug loading (DL). However, HA-SA-CYS-OA had a greater EE when loaded withCou6, suggesting that the amphiphilic carrier had certain selectivity for hydrophobic drugs due to the effect of the different hydrophobic groups. Compared with HA-SA-CYS-CHOL, HA-SA-CYS-OA micelles displayed markedly higher cytotoxicity to MCF-7, A549 and S-180 cells which may be due to the high toxicity of octadecanoic acid. The in vivo animal experiments conrmed that hydrophobic groups affected the distribution, metabolism, excretion and anti-tumour efficacy of micelles. HA-SA-CYS-CHOL micelles possessed excellent tumour-targeting properties and efficient antitumor effects at very low concentrations with extremely low systemic toxicity. Therefore, we strongly recommend that when we examine amphiphilic polymer for drug delivery systems we carefully consider the interactions between hydrophobic groups and the drug loading and select the most appropriate hydrophobic groups to encapsulate the drugs. And we suggested that amphiphilic carrier should be synthesized from endogenous materials, if possible, because not only could it reduce cytotoxicity but also increase the antitumor effects. In the next experiment, we will further quantitatively study the effect of hydrophobic groups on the carriers and micelles.
